OBJECTIVES: To examine the prevalence of overweight and associated characteristics in a representative sample of children from schools in New York City (NYC). DESIGN: A cross-sectional survey with an in-person interview (including measurements of height and weight) and a household questionnaire. SUBJECTS: Second and ®fth grade students from schools in NYC participated. A total of 1 396, including 692 second and 704 ®fth grade, children were included in the analysis. MEASUREMENTS: Prevalence of overweight based on the body mass index (BMI) and the 85th or 95th percentile cutoff points from Cycles II and III of the National Health Examination Survey reference recently developed by the Centers for Disease Control and Prevention (CDC). The characteristics of overweight examined were: age, gender, socio-economic status, Hispanic origin, family structure, number of children in the household, meal preparation by children, food diversity and participation in the National School Lunch Program. RESULTS: Overweight based on the 85th percentile of BMI was 37.5% among second grade and 31.7% among ®fth grade children. Based on the 95th percentile, overweight was 19.9% and 17.8%, respectively. Overweight was associated with Hispanic origin, fewer children in the household, family structure and meal preparation by children. CONCLUSIONS: Overweight is prevalent among elementary school children in NYC. Studies in diverse geographically de®ned areas with diverse populations, are necessary to design effective prevention efforts. Primary prevention efforts in NYC should target Hispanics and take into consideration individual behaviour and family characteristics.
Introduction
Excessive weight in childhood is a serious public health concern, because of its costly health consequences and increasing prevalence in the US. Estimates of the prevalence of children in the US who are overweight or obese vary depending upon the de®ni-tion and reference population used, but the condition appears to affect more than 20% of children nationwide with the trend increasing over time. 1, 2 Childhood obesity is the leading cause of paediatric hypertension, and overweight children are at higher risk for development of a number of long-term chronic conditions including adult onset diabetes mellitus, coronary heart disease, orthopaedic disorders, and respiratory disease. 3 Excessive weight in childhood has been linked to increasing risk for adult mortality. 4 Obese children also suffer from a lowered self-esteem that affects their school performance and their peer relationships, leading to long term psychosocial effects. 5, 6 Although not all overweight children become obese adults, the likelihood that childhood obesity will persist into adulthood increases with earlier onset and greater severity of the condition. 7 The Centers for Disease Control and Prevention (CDC) reported the prevalence of overweight children from Phase I of the third National Health and Nutrition Examination Survey (NHANES III, 1988±1991). Overweight was de®ned as a body mass index (BMI) at or above the age-and gender-speci®c 85th or 95th percentile, using Cycles II and III of the National Health Examination Survey (NHES) as the reference. 8 The ®ndings showed that among children aged 6±11 y, 22.3% and 11.0% were above the 85th and 95th percentile cutoff points, respectively. More recently, CDC reported ®ndings from combined Phases I and II of NHANES III (1988±1994) showing that overweight above the 95th percentile reached 13.7%. 9 The study reported here was conducted to estimate the prevalence of overweight and associated characteristics among second and ®fth grade school children from New York City (NYC) using the NHES Cycle II and III reference recently developed by CDC 8 . The study builds on work previously conducted in New York State, to determine the prevalence of overweight among school children living outside NYC.
Approximately 40% of the state's children reside in the ®ve boroughs of NYC, which is distinguished by the cultural diversity of its population and its lower socio-economic status (SES) relative to the rest of the state.
Subjects and methods

Sample selection
This survey was conducted during the 1989±1990 school year in public and private schools in NYC. The project was approved by the New York State Department of Health Institutional Review Board. A listing of schools provided by the Child Nutrition Reimbursement Unit of the New York State Education Department (SED) for 1989 were used to construct the sampling frame. SED is responsible for state-level administration of the National School Lunch Program (NSLP). The NSLP subsidizes public and private schools to provide nutritious lunches at a reasonable cost, or at reduced or no cost to needy children and their families.
The survey was limited to schools with second and ®fth grade children. Schools were strati®ed into three SES groups according to the proportion of students receiving school lunch at no cost:`37.3% as high, 37.3±72.2% as medium, and b 72.2% as low SES schools. An oversampling of 50 schools was randomly selected to be contacted, of which 25 agreed to participate in the study; nine low, eight medium, and eight high SES schools. Analysis of variance tests indicated there were no differences in the school participation rates by SES or grade.
All children from randomly-selected classrooms with a minimum of 25 students were invited to participate in the study. Parental consent forms were distributed and returned prior to the start of the data collection phase within each school. Approximately half (51%) received informed consent and were surveyed, yielding a total of 1 420 children in the study.
Data collection and measurements
Data collection was conducted by trained nutrition professionals from NYC Health Department. Interviews with the children were conducted in both English and Spanish. Three instruments were developed to collect information about the children and their families: a parental consent form with household questionnaire; a form to record anthropometric measurements and a non-quantitative 24 h dietary recall with related questions. The dietary recall was used to determine the foods consumed during the previous day, who prepared the meals, and where the meals and snacks were consumed. An indicator of diet diversity was derived from the recall based on the total number of different foods eaten during the day.
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Height and weight were measured by the trained nutritionists using standard anthropometric techniques and equipment. 12 Children were weighed and measured in light clothing with shoes and excessive garments and other items removed. Periodic retraining of the ®eld team and standardization of equipment was conducted throughout the course of the data collection phase.
The parental consent form was available in both the English and Spanish language. The form included questions regarding demographics, household information (family structure, education and employment status of the parentaguardian), and participation in government assistance and school meals programs. This information was used to create a proxy measure to classify children as`lower SES' if they met at least one of the following criteria: no working parent in the household; needy child receiving school lunch at reduced or no cost or family participation in a means tested government assistance program. Children not meeting one or more of these criteria were classi®ed as`upper SES'.
Anthropometric indices
The body mass index [BMI wt(kg)aht (m) 2 ] was used as the indicator of overweight status. Children were considered overweight when their BMI was at or above the age-and gender-speci®c 85th and 95th percentile cutoff points from the NHES Cycle II and III reference provided by CDC. (Centers for Disease Control and Prevention, National Center for Health Statistics, unpublished data, 1995.) The 85th and 95th percentile are commonly used cutoff points for estimating the prevalence of overweight in the population and they 1±3,9,13 have been recommended for use as indicators of the need for medical follow-up in preventive screening for overweight. 14 
Statistical notes
Software developed by CDC and the World Health Organization (WHO) was used to derive genderspeci®c indices for weight-for-age and height-forage as a measure of stature. 15 Prior to conducting the analysis, the CDCaWHO software was used to¯ag biologically implausible values of weight-for-age as an additional check of data quality. Based on recommendations, subjects were removed from subsequent analysis when the weight-for-age value was above six standard deviations from the age-and gender-speci®c mean in the reference population. 15 A total of 11 children were eliminated for this reason. Another 13 observations had to be excluded because the height or weight was not measured due to lack of cooperation. A total of 1 396 children were included in the ®nal analysis; 692 second and 704 ®fth grade children.
Statistical analyses were conducted using SUDAAN software to account for the complex survey design and sampling weights in calculating variance estimates. 16 Sampling weights were calculated separately for the second and ®fth grade samples to account for the unequal probabilities of selection within SES strata and to adjust the estimates to the population. Prevalence estimates of overweight, standard errors and Cochran-Mantel-Haenszel test statistics were calculated by sex and racialaethnic group within each grade. SUDAAN was also used to construct weighted multivariate logistic regression models to examine the relationship between overweight and other characteristics of the population following recognized model-building strategies. 17 Models were run separately for second and ®fth grade children using the 85th percentile BMI cutoff point as the dependent variable (BMI`85th 0, BMI ! 85th 1). The independent variables considered for the models included age in years, gender (male 0, female 1), SES (lower 0, upper 1), family structure (single 0, dual parent 1), number of children in the household (range 1±8), number of meals prepared by children or their siblings the previous day (range 0±3), number of different foods eaten the previous day (range 2±22) and participation in the school lunch program (no 0, yes 1). A series of dummy variables were created to model the racialaethnic groups (Hispanic, Black non-Hispanic, and Other) using white non-Hispanics as the comparison group. Interactions with age, gender, race and racialaethnic group and other relevant interactions between the independent variables were also considered for inclusion in the models.
Results
Sample characteristics
The sample compared favourably with the sociodemographic characteristics of the population of children in NYC (Table 1) . 18±21 The sample included proportionately fewer white non-Hispanics and a greater percentage of children receiving school lunch at reduced or no cost.
Prevalence of overweight
Estimates of the prevalence of overweight for second and ®fth grade children are shown in Table 2 . The proportion above the 85th percentile for BMI was more than twice the expected value of 15% for each grade. The proportion above the 95th percentile was more than three times the expected value of 5%, demonstrating skewing toward the high end of the BMI distribution for each grade. Hispanic children were signi®cantly more overweight compared other racialaethnic groups at the 85th percentile cutoff for both grades, and at the 95th percentile for ®fth graders. Male ®fth graders were also signi®cantly more overweight than females at the 95th percentile.
Characteristics associated with overweight
The results of the logistic regression models for second and ®fth grade children based on the BMI ! 85th percentile cutoff point for overweight are shown in Table 3 . Three variables (SES, participation in the school lunch program and food diversity) showed no association with weight status and were dropped from the models. Hispanic origin was an important predictor of overweight in the models for both second and ®fth grade children. For second graders, Hispanic origin interacted signi®cantly with the gender of the child indicating that Hispanic girls were most likely to be overweight while white nonHispanic girls were least likely to be overweight. Similarly, Hispanic origin interacted signi®cantly with family structure for ®fth graders, where Hispanic children from dual parent households were most likely to be overweight and white non-Hispanic children from dual parent households were least likely to be overweight.
Among second grade children, the number of children in the household was inversely related to overweight, and the number of meals prepared by children interacted signi®cantly with family structure. The interaction indicates an increased risk for overweight associated with children preparing meals in dual parent households. The number of meals prepared by children was also signi®cantly related to increased overweight among ®fth grade children without interaction. Children consuming meals prepared by themselves or a sibling were 1.4 times more likely to be overweight compared to other children in the ®fth grade.
Discussion
Increasing concern over the health and nutritional status of school children in New York State led to this investigation of second and ®fth graders in NYC. Considered together with the results from a previous study conducted in schools outside NYC, 10 the ®nd-ings of this study demonstrate that overweight is prevalent among the elementary school population throughout the state. Compared with data from NHANES III collected during the same time period, it appears that children in New York State are substantially more overweight than their peers in the rest of the country. 8, 9 The greater risk for excess weight among NYC Hispanic children is particularly noteworthy. The high prevalence of obesity among Hispanic-American adults compared to other groups has been well-documented. 22, 23 Much of the work examining the weight status of Hispanic children has been undertaken among Mexican-Americans, who are reported to be relatively shorter and heavier compared to non-Hispanic whites and blacks of all ages. 24, 25 By contrast, the greater likelihood of overweight in the NYC Hispanic group was observed, despite the fact that their average height-for-age exceeded the norms in the reference population and was comparable to that of NYC white non-Hispanics. Moreover, Hispanics from NYC are a heterogenous group of varying origins. Approximately 50% are of Puerto Rican descent while the remainder are a mix of Dominican (19%), South American (13%), Central American (6%), Mexican (3%), Cuban (3%) and others. 18 No attempt was made in this study to further de®ne the Hispanic origin of the subjects. The ®nding that boys of this age are generally more overweight compared to girls at the 95th percentile cutoff is consistent with observations from NHANES III, 8 though the difference between sexes is more pronounced in the children of NYC. More importantly, is the observation of a strong interaction between Hispanic origin and gender. Whereas Hispanic children in NYC are more overweight on average, Values shown are the prevalence (%) AE standard error (SE). *P`0.05 compared to females; **P`0.02 compared to all other racialaethnic groups.
Hispanic girls are at greatest risk and white nonHispanic girls are at least risk of being overweight. This indicates that culturally de®ned in¯uences are affecting weight status differentially depending on the gender of the child. This relationship is made even more interesting by the observed interaction of Hispanic origin with family structure. It seems likely that Hispanic cultural characteristics are particularly in¯u-ential on the weight status of girls, and that these in¯uences are reinforced in households with dual parents.
Of the food and nutrition-related characteristics examined in this study, only meal preparation by children was found to be associated with overweight. Furthermore, this interacted signi®cantly with family structure for second grade children, where those from dual parent households consuming meals prepared by themselves or siblings, were at substantially greater risk to be overweight. Consumption of meals prepared by children was reported by 17% of the second and 30% of the ®fth grade children. Children have known preferences for high fat food. 26 Left with the responsibility to prepare or purchase food for themselves, or to exert in¯uence on the composition of the meal prepared by the parent, they are likely to choose foods high in fat and energy. Although studies have shown that young children self-regulate their energy intake in controlled studies and in their everyday environment, 27 ,28 the child's ability to regulate energy intake may be impaired if they are allowed to freely choose foods or be involved with meal preparation in accordance with their taste preference for high fat foods that are readily obtained. Should these behaviours be in¯uencing weight status, they appear to be even greater for younger children from households with two parents.
The lack of association of school lunch program participation with overweight differs from other research, including a national evaluation study and the previous study in New York State, which reported small positive associations between participation in the school lunch program and increased body weight and body fat. 10, 29 The very high reported participation of children in the school lunch program (85%) may be a factor in the ability to detect an association in this study. Much of the attention paid to the nutritional impact of the school lunch program, has focused negatively on the fat and caloric content of the meal. 30, 31 Alternatively, the federal guidelines for school meal preparation are bene®cial. They ensure that the meals provide fruits and vegetables, and limit the number and amount of snack foods. Results of the dietary analysis, not presented in this report, suggest that children participating in the school lunch program are, in fact, more likely to consume fruits and vegetables and are less likely to consume snack foods compared to children who bring their lunch from home, as was also found in the previous study in New York State. 10 Studies have reported that the nutritional quality of the school lunch is superior to the brown bag lunch and that students bringing lunch from home consume signi®cantly more fat at the meal. 32, 33 This may also be exacerbated when children take responsibility for their own meal preparation as discussed previously. Finally, in consideration of the fact that the school lunch represents only one meal each day, it is not necessarily expected that the consumption of school lunch would be associated with increased weight. The ®nding of an inverse relationship between the number of children in the household and increasing body weight, is consistent with other studies showing that single children tend to be more overweight than children with siblings. 10, 34, 35 In the light of this ®nd-ing, identi®cation of risk for obesity in racial and ethnically diverse urban population segments, may be more effective when consideration is given to the number of children in the households, together with an assessment of family history of overweight.
Much of the information in this study was based on self-report by the child, including that obtained through the dietary recall used to measure food diversity and meal preparation by children. Error in self-reported measurements can reduce the ability to measure true associations with outcomes. In addition, precise information describing household income or the educational status of the parents as measures of SES was not collected in the study. This error in the assessment of SES could also have prevented the ability to detect an effect on weight status if it were present. Nonetheless, a reasonable proxy measure was developed which was able to provide considerable variation for an analysis of the effect of SES on overweight. The lack of relationship of weight with SES reported in this study of children from NYC is consistent with other studies conducted in the US. 36, 37 The relationship between SES and childhood obesity has not been ®rmly established, and no trend was found in an extensive review of research in the US and elsewhere. 38 The major limitations of this study include its crosssectional design and the relatively high non-response among children invited to participate in the study. The cross-sectional design limits the ability to make causal inferences from the ®ndings. This is particularly important because the behavioural, family and environmental factors that are aetiologically causal may in turn be in¯uenced by the excessive weight of the child. Moreover, the direction of the possible bias due to nonresponse cannot be known from the information available in this study. The requirement for informed consent may have dissuaded the families of children with a weight problem from participation in the study. On the other hand, normal weight children from upper SES households may have regarded participation in the study as socially undesirable.
In conclusion, overweight is prevalent among second and ®fth grade school children in NYC, and Hispanic children are at particularly high risk. Since these grades represent the early and latter years of the elementary school experience, the ®ndings from this population-based study may be safely generalized to the entire elementary school population in NYC. There is reason to anticipate that similar excesses of overweight would be observed among older children in this area. Given the uniqueness and diversity of the population and its urban environment, it is unclear whether these ®ndings could be generalized beyond NYC. While large scale surveys provide important information describing the health of nations, it is important that studies such as this are undertaken to characterize the population in smaller geographical areas at high risk. Local prevention efforts should recognize that information from large scale surveys may not adequately assess prevalence, or characterize risk, within diverse geographically de®ned areas. Designing effective prevention efforts aimed at children and their families will require an understanding that overweight in a culturally diverse urban area is in¯uenced by behavioural and familial characteristics, according to the grade of the child.
